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The scattermg amplitude and’ the wave furiction for the

- final bound state, of an electron in Turner’s ! mechanism are

modified. The life time for the temporarﬂy fornied negative
jon and’the capture cross section in the case of electrcn‘
polar molecule interaction are reported. o '

It is observed that the effect of our modification is to in-
crease the ‘life time and to decrease the capiure cross sec-

ion. Our results favour :he existence of long hved parent .
© negative ions. :

. In spite of the Iarge amount of work-done on the
subject of the scattering of slow eléctrons by polar

molecules there still exists.a controversy regarding _

the large diffusion cross section of some of the

- polar molecules. In order 'to explain thé large scat- .

termg cross section Turner! proposed that there

- exists 'a momentary capture of the slow electron
:JVlth a rotational excitation of the polar, “molecule. It . -

is well known that, though this was a major break-

" through some facts about the large capture time

remain  unexplained. Recently, Chrlstophorou2 4

* has reported -that the life time of negative jons in

- amplitude and a slightly different wave function for:

the -captured state is much larger’ than predicted
theoretically. Calculations :were also made by Iti-

. kawa® for the cross section of electron scattering
by polar molecules, takmg into account the cap-

ture and .decay; processes in unified manner. The

*large cross section may also, be attributed to short ..
-range forces% 7. However, recent experiments
-favour the Feshbach type resonance as predxcted by

Tumer .
In this short communication we have made an

attempt to find out the consequences of using simul-

téneously a better approximation for the scattering

24

the bound ‘state of the electron in the d1pole field.
Our corrections favour the existence of long lived
negative, parent ions., .

"For. the detérmination of the- scattermg amplitude
the variational method as established by Mower®
-on the basis: of the variational method  developed
by Schwmger 8 .is used. The expression “for the trial
wave functon needed in this. method is of ‘the form
_Ceike . By the use of this tnal function the scatter-
mg amphtude is obtained a$ -

1O =f(0)[1 +To(9)] M.

I8 (3) =2iDemv'[R*E is, the amplitude using the
Born approximation and’ To(6) = = (i k/2)f(0),
where m is the mass of the eléctron. » is the direc-

tion cosine of-the dipole ‘with respect to the wave

“.vector, 'K. The magmtude of K is given by,
K0[2(1~cos 6)1". 0 is the angle between the
initial and the scattermg direction. ‘It is observed
- that the use of the trial function gives an. amplitude
- factor slightly Iarger than the Born approximation
scattering amplitude f5(0). The diffusion cross sec-
tion also increases. . & . :

For the final. bound state we choose a wave func-
tion of the electron which is the sum of the S and P
states as given by ! but differing from that in the
-radial part. Thus, we write a ‘trial function for the
* final bound state of the electron’

N

7}.){} 1+ 252 {CoYoo(e ¢)+C1Ym (6, @)} ,(2)

where N is the normahzatlon cofstant and 6 ‘D are
the angles of the electron relative to the dipole axes.
p is a variable parameter. The normalization was

- cartied out in the.usual manner requiring that

|CoP+]Cs P =1. o
The matrix element Tt for the transition prob-
: ablhty was, calculated in the same manner as Tur-
"ner. Simultaneous application. of both corrections
leads to the expression
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- v . : ., results . Values due to V/alues due Values due to

“amplitude . t6 wave In. simultaneous
. . ~ correction only  correction only_  correction of
. - SR -0 ., . i *both factors

Matrix element of the transition ' - e - > B

probability |Tg; F‘Xl()’"‘lﬁ . .36 2.88 1.95.° 1256, i

Life time of negative ion in sec X101 -1.3 - L2 3024 3.78 |
) Capmre cross section in om® Xl()—“ . 2 4 . L92°-" - 1.299 " 1.0392

. b

‘In expression (3) the corrections due to the vari- capture cross section_are ‘made exactly as Turner.

atlonal approach to the scattermg amphtude are - . The dlpole moment D" was taken to be 2x 10718 °
2Dem 4«Dem " esi.cm. and I of the order of 10740 gm.cm?. In.

ASf,() and — - ASf.(a) " Table 1 tesults for the life time and capture cross

3k - * section for the L =2 and L=3 states are exhibited.

. P - . : "It is observed that the correction term depends

.of Eq. (2). is. P

while the modxﬁcahol'a&due\ to th? ‘u.s? Of‘ 4 ( ) " on the dzpole moment .and also on the velocity of
Votwe -t ; 27 ¢l 7. - .the electron. The modification in the calculation is

{ € E’( 't) +erf B (1) + '2 € } . . 1o increase the life time ‘nearly three times and to-

. . decrease the capture cross section about 2 3 times.’
where ¢ is équal to K/P. Sf,@) 81,5 ASyW;

ASy® are defined in-the-appendix.”’ . .

_Considering an experiment at room temperature, . Authors are .thankful to Dr J. E. Turner of
with the help of Eq. (3) the calculations of the life . Oak Ridge National Laboratory, Oakridge, Ten-
n‘me of a temporarily’ formed_negatlve ion and the . nessee, for takmg interest in the present Work
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R Appendlx .
The terms Sf,m Sft(s) AS;,(”' AS;,(:*) used in Eq (3) ‘are'as follows.
St W= Ly(Le+1) [a(L; M3) 8 1,41, L+t +B(L, M 51;,,1,, 1]531,51, . o
Asf W = Le(Li+1) O.1,1; Optem, -~ - , R
] (3)—{L (Li—1) [y (L M) 5 (L, M)-I-E(Lfo)E(L M) %8t ot
IRS) A +1) (Li+2) [y{LM,) W(Lfo) + € (L/M,)& LeMppl.or, -1, L+t }541,,41(
) ASK‘(S) =} {L (L;+1) - 2] 63—'«5; 631::“: -3 [L, (L +1) "‘4"}”"} . S
v Aa(LiMy) dpynien + (L M) Oreri-1 ) Onoar, £ 3 {L(L,+1) ‘ ;. .
o (M- 2) Hy (LiMy) +n(Ls: M)} e ( Lfo)G(L COLIASH AT S N :
—€ (Lth)Q(L M) dppatn, +E (Lfo)U(L M) Op,21,154 2 +5(Ler)Q(L M;) br,-1,1, ]5M,+1 -

were -
(L+M+1)(L- M+1)}’/’
(2L+1)(2L+3) -

‘:"a(LM) ﬁ(L+1 M) [

A SO C | L-M41)(L-M+2) i . ,’:'; -
SRR, ”L’M)T?‘“il?—“M‘fl_"‘ | @Lt1)(2L+3) |-
S : s (LMY (LM 4+2) " 7 T
Q(L,M)= =o(L+1,M)=l GLi1)(3L13) 1 .
R (L+M+ V) (L+M+2)]"
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The diffusion cross-section (Qp) for electron scatter-
ing by a polar molecule is calculated by considering the
molecule as a finite dipole. The assumption of a finite
dipole instead of a point dipole in case of the H,O mole-
cule leads to a correction term to Qp resulting in a
value 0-39, less than that calculated using S. Altshuler’s
expression [Phys. Rev., W07 (1957), 114].

THE calculation of diffusion cross-section or
momentum transfer cross-section (MTCS) of
electrons in polar molecules is very controversial.
Several workers™® have calculated MTCS for the
low energy electrons of polar molecules, considering
molecules as point dipoles. Recently Bordman and
Sampnathet have deduced a formula for the calcula-
tion of the cross-section by taking into account the
screening effect due to the pressure of the gas.
It seems that apart from the source of error
due to the use of Born approximation, the concept
of point dipole is also one of the sources of error.
We have tried to estimate the error due to this
approximation. The assumption of a finite dipole
moment K instead of a point dipole (i.e. K=1)
leads to a correction term for the cross-section.
This correction approximation, velocity-independent
and the contribution given by this correction term
is above 0-39%,.

The expression for the potential V{r) for the
finite dipole in which two charges +¢ and —g are
separated from each other by a distance 2z is

71'11{!1[1

41 Pr(cos 6) (1)
K==0dd  ™aX

where #ma and 7pax are the minimum and the

maximum values of # and Pg(cos 6) is the Legendre

polynomial. We shall consider the case K =1;

substituting this in an expression for Born approxi-

mation, we have for scattering amplitude:

f68, ¢) = TR U‘“ J:Kﬂ ‘—; #K1P, (cos 0)ddy
+ J w jT" 2 pxrp, (cos 0)d3r] .2)

odo 7

Vir) = —2eq

where @3 = volume element = #2dy sin 640d¢.
On performing the elementary integration we get
2iDemy’

sin Ka cos Ka

f0, ) = K [3< K3®  Kege )] -+(3)
where D = 2a¢q and Y’ is the direction cosine of the
dipole axis with respect to the direction of K;
K is a wave vector, the magnitude of which is
K [2{1—cos 0)]t. It 1s observed that as a0 the
value of differential scattering cross-section coincides
with the value calculated by Altshuler?.

The diffusion or momentum transfer cross-section
is given by
QD == _f(l -—C0S e)ngQ
where o; == differential scattering cross-section.

Considering the target molecule as a rigid rotator,

the calculation for Qp is made in exactly the same
way as Altshuler. The expression for Qp is

.4

T .(5)

In Eq. (5) Qp is given in cgs umits which can
be converted into ma? unit, where g, is the Bohr

8/ D
Op = 1( "’m) [1—0-4K2a2 10053 K3at]

radius. The expressmn of Qp in wa} unit is given by
0h — g;’G [5 6P _o.006579(0")t
+4-0-253 x 10“5(D’)GE'] .. (6)
where
D' = 0 Troqs units and E’ = Elgicm iz

On companing the result of Eq. (6) with that of

Altshuler, it is seen that the correction due to
finite dipole is
—0-006579(D")*+0-253 x 10-3(D")¢E’ A7

For H,0 molecule this correction reduces the value
of the cross-section as determined by Altshuler by

0-39%. Also, it can be seen that the correction
depends more on the dipole moment than on the
velocity of the electron.

The authors are thankful to Dr J. E. Turner
(CERN European Organization) for his valuable
suggestions on this study, particularly regarding the
selection of the K =1 term.
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